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Summary
Objective: The purpose of this study was to evaluate the inter- and intraobserver variability in measuring the tibio-femoral angle using our
new computer-assisted method, and to compare it with a conventional manual method.
Methods: Radiography of all patients of osteoarthritis of the knee in outpatient were performed with standing on both legs, and with
conventional antero-posterior weight bearing view of the knee fully extended. Three examiners measured the tibio-femoral angle with the
computerized method in 52 subjects with osteoarthritis (73 knees). The tibio-femoral angle was measured using a computer-assisted method
in which the observer must visually determine and select eight points on the margins of the femur and tibia on a radiographic image displayed
on a computer monitor. The inter- and intraobserver Intra-class correlation (ICC) was analyzed.
Results: The interobserver mean correlation of computer-assisted method was 0.970 with a mean difference of 0.38° (S.D. 1.125°). The
intraobserver mean ICC of computer-assisted method was 0.973, with a mean difference of 0.16° (S.D. 1.12°). An analysis of the difference
between conventional methods and our new system showed a mean ICC of 0.922, with an intersystem mean difference of 0.295° (S.D. 1.82°).
Conclusion: Our computer-assisted method of measuring the tibio-femoral angle was simple, easy, and quick, and should be considered as
an alternate method for measurement.
© 2003 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Deformity of the lower extremity often causes knee pain
and functional disability because of the excessive concen-
tration of stress due to mal-alignment. The alignment of the
lower extremity is an indispensable variable in the assess-
ment of knee function, including assessment after treat-
ment of rheumatoid arthritis or osteoarthritis of the knee1,2.
Radiographic evaluation is useful for the prediction of
long-term results in total knee arthroplasty, to determine the
osteotomy angle, and for the prediction of prognosis in
high-tibial osteotomy3–5.
New technologies are leading to new methods for ana-
lyzing radiographic images. In conventional methods, the
tibio-femoral angle is measured manually, directly on the
radiographic film. Lines representing the axis of the tibia
and femur are determined and drawn by the observer, and
a goniometer is used to manually measure the resulting
angle. This method introduces significant variability due to
the requirement for subjective judgments of the observer in
the placement of the axis lines6. In addition, radiographic
film is rapidly being replaced by filmless methods of radio-
graphic presentation7. Therefore, it is important to have
techniques available to measure the angle of alignment
directly on the computer monitor. Because of this need, and
because of the error introduced by manual methods, we
evaluated a newly developed technique to measure the
tibio-femoral angle. The purpose of this study was to
evaluate the inter- and intraobserver variability in measur-
ing the tibio-femoral angle using our new computer-aided
method and to compare it to a conventional, manual
method.
Materials and methods
The 52 patients (42 women, 10 men) with osteoarthritis
of the knee in outpatient clinic at Kochi Medical School had
an average age of 68.2 years (43–92 years). Measure-
ments were made on radiographs of a total of 73 osteo-
arthritic knees: 30 of grade II; 31 of grade III; and 12 of
grade IV according to the Kellgren & Laurence classifi-
cation system. Radiography of all patients were taken with
standing on both legs, and with conventional antero-
posterior weight bearing view of the knee fully extended.
Images, taken on 30×40 cm films using computed radiogra-
phy (Fuji films, Tokyo, Japan), were randomly selected. The
X-ray images were recorded by photostimulable phosphor
plates with a matrix of 2500×3000 pixels with a pixel size of
0.1×0.1 mm2. The images were archived and transferred
to a multimodality workstation (Intelli Station E Pro, IBM,
U.S.A.) equipped with a monitor with a resolution of
1024×768 (IBM, Tokyo, Japan). The tibio-femoral angle
was measured by a staff surgeon (B) using a standard
hand held goniometer.
Three orthopaedic surgeons – two staff surgeons (A
and B), and a first-year postgraduate orthopaedic resident
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(C) –independently measured the tibio-femoral angle using
our new method. Before the actual measurement of tibio-
femoral angle, three examiners discussed and coincided
the level of the measurement point to obtain the axis of
femur and tibia as previously described. However, there
was no training session during which the three examiners
learned the use of the new this technique.
A second review of each case was performed by all
surgeons over a period of 2 weeks after the initial reviews.
Each reviewer was blinded to the results of the first review.
Manual method
We measured the anatomical axis of the femur that
passes through the center of the shaft at two points: We
selected the margin of the level of 10 cm above the joint
and as far proximally as the radiographic view over 15 cm
above the joint for the determination of the femoral axis.
Then, we selected the margin of the level of 10 cm below
the joint and as far distally as the radiographic view over
15 cm below the joint for the tibial axis. We measured the
anatomical axis of the tibia in a similar way. We selected
each pair of points perpendicularly to obtain the midpoint of
the bone and selected horizontal line at two levels for
determination of the axis as possible. The tibio-femoral
angle determined using a standard goniometer to measure
the angle subtended by these 2 lines4,8.
Our new computer-assisted method of
tibio-femoral angle measurement
All images were preserved in an RS 6000 workstation of
an IBM computer. This system was developed by IBM
(Tokyo, Japan) according to our request.
Measurements were made at different monitor of multiple
locations. Archived images were shown at the largest
possible size on a 21-inch monitor. To determine the femur
axis at the same level used in the manual method, a special
icon was available to select (using a mouse) four points at
each of two levels of the cortical margins. After selection of
the four points, femoral axis was displayed on the monitor
(Fig. 1). Similarly, four points were selected to determine
the tibial axis. After selection of the eight points was
completed, the size of the angle was automatically dis-
played to one decimal place (Fig. 2). The angle of the
deformity was judged varus or valgus by the examiner.
When the angle of lateral side of tibio-femoral axis was over
180 degrees, we defined as varus. When it was under
180 degrees, we defined as valgus.
Statistical analysis
Mean difference, S.D., S.E.M. and ICC (intra-class corre-
lation) were used to analyze the data to detect differences
in the repeatability of the two measurement techniques.
Fig. 1. To determine the axis of the femur, four standardized points
at two positions on the cortical margin were identified by the
observer and selected using a mouse. Then, the axis of the femur
was automatically displayed. Arrow indicated the point of margin of
the bone.
Fig. 2. The tibial axis was, like the femur axis, determined by the
selection of four points on the cortical margin. The valgus or varus
angle was then calculated automatically and displayed to one
decimal place. Arrow indicated the point of margin of the bone.
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The comparison with manual and each examiner’s
computer-assisted measurements were analyzed using
Wilcoxon signed-ranks test. P<0.05 were considered
significant.
Results
Table I showed the actual radiographic measurements of
tibio-femoral angle with SD and SEM by the manual and
computer method.
Differences in the intraobserver and interobserver vari-
ability in measurement were compared within and between
the two measurement techniques (Table II).
With regard to the different measurements made by each
of the three observers using the computer-assisted method
(N=418), intra-class correlations (ICC) ranged from 0.966
to 0.976, and across all comparisons the mean ICC was
0.970. The interobserver mean difference was 0.38°, SD
1.125°, S.E.M. 0.135°.
The difference between the first and second measure-
ment of all 3 observers (N=209) was analyzed. ICC ranged
from 0.969 to 0.977, and across all comparisons the mean
ICC was 0.973. Intraobserver mean difference was 0.16°,
S.D. 1.12°, S.E.M. 0.134°.
Regarding the difference between our new system and
conventional methods (N=419), the mean ICC was 0.922
(range 0.915 to 0.932). Intersystem mean difference was
0.295°, S.D. 1.82°, S.E.M. 0.218°.
Discussion
It has been reported that the measurement methods
using computed radiography result in less radiographic
exposure than film methods, and are equally accurate9. In
contrast, the diagnostic accuracy of photostimulable phos-
phor digital radiography of the extremities was not superior
to that of conventional radiography10.
The comparative accuracy of film-based, and computed
radiography is controversial. However, computer radio-
graphic (CR) techniques offer several advantages com-
pared with conventional film-screen radiography because
they allows image enhancement, quantification, archiving,
transmission, simultaneous access to the image at multiple
site, and reduction in radiation dose11,12. There have been
several reports specifically regarding the measurement of
the tibio-femoral angle using digitized images13.
The reliability and reproducibility of the manual measure-
ment of tibio-femoral angle has been analyzed by several
researchers. Laskin et al.14 reported intra- and inter-
observer errors as great as 7° and intra-observer differ-
ences with a standard deviation of ±2.5°. Ilahi et al.6
compared inter- and intraobserver variability in measuring
the anatomic tibio-femoral angle: 95% of intraobserver
measurements were within 3.1°, while 95% of inter-
observer measurements were within 3.7° of each other.
Wright et al.15 reported mean inter- and intraobserver
differences of 1.4° and 0.7°, respectively. The results pub-
lished here suggest that our computer-aided method is
Table I
Radiographic measurements of the tibio-femoral angle
Mean (°) S.D. (°) S.E.M. (°)
A1 −0.281 4.95 0.606
B1 −0.233 5.07 0.6197
C1 +0.2597 4.98 0.608
A2 −0.507 5.118 0.616
B2 −0.22 4.88 0.588
C2 +0.046 4.97 0.598
Con‡ −0.435 4.526 0.545
‡Con: conventional method using a standard goniometer. (-):
valgus angle, (+): varus angle.
Table II
A comparison of interobserver, intraobserver and intersystem variability in measuring the tibio-femoral angle using our computer-aided
method
Mean difference S.D. S.E.M. Intra-class correlation (ICC) P value*
Interobserver
A1 and B1 0.147 1.11 0.131 0.967 0.497
A1 and C1 0.54 0.955 0.117 0.976 <0.001
B1 and C1 0.496 1.154 0.14 0.967 <0.001
A2 and B2 0.266 1.048 0.125 0.971 0.02
A2 and C2 0.538 1.34 0.159 0.966 <0.001
B2 and C2 0.285 1.144 0.136 0.971 0.057
Average 0.379 1.125 0.135 0.97
Intraobserver
A1and A2 0.187 1.19 0.143 0.969 0.165
B1 and B2 0.052 1.09 0.129 0.977 0.476
C1 and C2 0.241 1.08 0.131 0.974 0.157
Average 0.16 1.12 0.134 0.973
Intersystem
Con† and A1 0.117 1.74 0.21 0.924 0.689
Con† and B1 0.245 1.93 0.228 0.915 0.257
Con† and C1 0.658 1.75 0.213 0.932 0.002
Con† and A2 0.057 1.94 0.232 0.924 0.636
Con† and B2 0.211 1.76 0.21 0.919 0.241
Con† and C2 0.479 1.81 0.214 0.919 0.012
Average 0.295 1.82 0.218 0.922
*P value using Wilcoxon signed-ranks test.
†Con: conventional method using a standard goniometer.
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more reliable and reproducible than the methods analyzed
in previous reports.
There have so far been few reports regarding the accu-
racy and usefulness of computer-assisted methods for
measuring the tibio-femoral angle in osteoarthritis of the
knee. Prakash et al.8 reported a completely automated
method of computerized measurement of tibio-femoral
alignment in which, the largest mean difference between
subsequent measurements was 1.9°, with a mean corre-
lation of 0.755. In this study, we evaluated the accuracy
and reproducibility of measurements using our computer-
aided method. The present study showed that the mean
correlation was 0.970 – greater than reported by Prakash’s
group. They mentioned that metal artifacts such as staples
and implants resulted in errors in automatic measurement.
Our computer-aided method is not completely automatic –
the examiner needs to determine and plot eight points
while viewing the radiographic image on the monitor. But,
because of this, the presence of metal objects does not
introduce inaccuracies in the measurement. We found that
our method for measuring the tibio-femoral angle on the
screen is accurate, simple, and rapid.
The results suggested that the staff orthopaedics A and
B, presumably with more experience, made measurements
that appeared to be more reliable, both intraobserver and
between each other, than did the orthopaedic resident C. It
was speculated with the difference of location of point
of cortical margin between staff orthopaedics A, B and
orthopaedic resident C.
The limitations of our measurement method involve the
difficulty in determining the margin of the bone, and the
complexity of determining the appropriate position for
the eight points required for bone axis determination. One
reason for error is that edge enhancement is known to
increase noise in the image.
This study showed that our newly developed method was
useful for quantifying the alignment of the leg, and indicated
that it should also be applicable for measurements in other
parts of the body. Further studies are needed to improve
the reproducibility, accuracy of this measurement method,
particularly with regard to simplifying the determination of
the bone margin.
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